Purpose. The main purpose is solving transportation problems using some methods of transportation modeling by linear programming. Linear programming has already demonstrated its value as an aid to making decisions in mining, business, industry, and governmental applications. This paper discusses how to solve transportation problems using manual solution method and computer software solutions. The transportation model deals with a special case of linear programming problems whose objective is to "transport" a single commodity from various "points of departure" to different "destinations" at minimum total cost.
INTRODUCTION
The main purpose is solving transportation problem using some methods of transportation model by linear programming (LP) . Linear programming has already demonstrated its value as an aid to making decision in business, industry, and governmental applications (Ilich, 2008; Qi, Tian, & Shi, 2012; Antipin & Khoroshilova, 2015; Astola & Tabus, 2016) . Determination of facility or machine scheduling, distribution of commodities, determination of optimum products mix, and allocation of labor and other resources are few examples of the problems that can be solved by linear programming.
Linear programming is a subclass of allocation models. It is a method of allocating scarce resources to compete activities under the assumption of linearity (Da Gama, 2012) . In linear programming problem (LPP), both the objective function and the constraints are assumed to be linear. In other words, linear programming deals with problems whose structure is made up of variables having linear relationships with each other. Linear programming is used either to maximize or to minimize a given objective function (Loomba, 1964) .
The transport, as a special case for linear programming problems, is one of the most important and successful applications of quantitative analysis to solve business problems in production and transportation. Basically, the purpose is to minimize the cost of shipping goods from one location to each arrival area within its capacity. Transport represents high percent of the mining operating costs, especially in building construction materials (Reeb & Leavengood, 2001 ). The aim of this work is to set up transport problems and solve them using the simplex method applied to any linear programming problem.
MANUAL SOLUTION
The transport model deals with a special case of linear programming. The objective "transport" is a single commodity from various "points of departure" to different "destinations" with minimum total cost. Transport as a linear-programming problem can always be solved by the simplex method. This problem consists essentially of three components.
1. Linear Objective Function. Every linear programming problem has objective function (maximization or minimization) in the form:
where: i = 1, 2…m; j = 1, 2…n; x ij -set of structural variables; c ij -set of the so-called "price coefficients";
... 
2. Linear Structural Constraints. Every linear programming problem contains a set of linear constraints:
where: i = 1, 2…m; j = 1, 2…n. The embodied technical specification and resource capacity of the problem structure are therefore called structural constraints. These constraints in the form of the linear structure are given below: 
3. Non Negativity Constraints. The structural variables, slack and artificial slack variables of all linear programming problems are restricted by nonnegative values. This is accomplished by imposing nonnegative constraints in the form -x ij ≥ 0, where (i = 1, 2...m, j = 1, 2, 3...n) (Saul, 1957) .
There are five methods solving transportation problem manually.
1. Northwest Corner method. According to this method, first allocation is made to the cell occupying the upper left-hand (Northwest) corner of the matrix. Further, this allocation of the individual elements of the array appears in cells and represent a solution. An empty cell denotes the value of zero.
Step 1. Start with the cell in the upper left-hand corner.
Step 2. Allocate the maximum feasible amount consistent with row and column sum requirements involving that cell. At least one of these requirements will then be met.
Step 3. Move one cell to the right if there is any remaining row requirement (supply).
Otherwise, move one cell down. If all requirements are met, stop; otherwise go to step 2 (Loomba, 1964) .
Minimum cost method.
Here we search the whole matrix for the smallest element and allocate accordingly. We repeat this procedure until all the units are shipped.
3. Vogel's approximation method.
Step 1. For each row of the transportation table, identify the smallest and the next-to-smallest costs. Determine the difference between them for each row. Display them alongside the transportation table by enclosing them in parenthesis against the respective rows. Similarly compute the differences for each column.
Step 2 Step 3. Recompute the column and row differences for the reduced transportation table and go to step 2.
Repeat the procedure until the entire rim requirements are satisfied.
4. Row Minimum Method. Let the minimum element in the first row be c 1k . If there are more than one minimum element, select the one with the smallest index j.
Let
In the first case, we have shipped all the a 1 units and go on to the second row after changing b k to b k -a 1 . Next, we find the minimum elements in the second row and repeat the process. In the second case, we have allocated only b k units of the a 1 to a 1 -b k and b k to zero and find the next smallest a ij in the first row and repeat the process.
5. Column Minimum Method. Here the calculations are similar to that using the row minimum. But in this case, we start with the first column and proceed to the next column.
COMPUTER SOLUTION
First let us formulate the transportation problem and set it up as "regular" linear programming problem using two LP Softwares (premium solver platform (PSP) and Lindo). The solution of both linear programs is optimum. In this paper, the solution with manual and programming methods is compared in terms of time and difficulty (Rao, 1978) .
CASE STUDY

Case study 1
The first example is the xyz sawmill company transportation problem, as shown in Table 1 . This example, solved by the two manual solutions mentioned above, gives the same solution by the two computer methods used here. It is found that the manual solution consumes more time than the computer solution. It is found also that Lindo program takes more time to solve Example 1 than the premium solver platform. The solution steps for the four mentioned methods (2 manual + 2 computerized) are summarized as follows.
Solution of Example 1 by the Northwest Corner Method
To solve the problem using the northwest corner method, it takes five stages to distribute the availabilities with requirements by the given steps (1, 2, 3, 4) of the method mentioned before. Table 2 presents the solution. The solution in Table 2 is not necessarily optimum. So, we have to check it up to know if it is optimum or not. The check is repeated, until the optimumity is achieved. Five stages are required for this simple problem to reach the optimum condition. It means that this method needs long time to calculate the optimum solution (Abdelkhalik & Mostafa, 1977; Waqar Ali Asad & Dimitrakopoulos, 2012) .
Solution of Example 1 by Vogel's Approximation Method
Example 1 is solved by Vogel's approximation method. It also incorporates five stages. The comparison between this method and the North-west corner rule shows that the solution of Vogel's approximation method testifies that the optimum solution found by the North-west corner rule is close to the optimum solution (Reeb & Leavengood, 2001 ).
Solution of Example 1 by Lindo Software
To solve the previous problem by Lindo Software (version 6), the following steps must be performed:
-put in the objective function like this (min 
Solution of Example 1 by using Premium Solver Platform Method
This program is operated under Excel software. The parameters of linear programming can be easily written through the cells of Excel worksheet as shown in Table 3. The objective function and constraints are put in the same worksheet because all cells must be linked with all cells. This program gives a dialogue indicating the type of solution (feasible, infeasible, and optimum) (David, 1984; Shalaby, 2000; Peter, 2005) . The data input, constraints and results are in the same worksheet as in Table 3 . 
Case study 2
Sun Ray Transportation Company ships truckloads of grain from three silos to four mills. The supply (in truckloads) and the demand (also in truckloads) together with the unit transportation costs per truckload on different routes are summarized in the transportation model in Table 4 . 1  2  3  4  Supply  1  10  2  20  11  15  2  12  7  9  20  25  3  4  14  16  18  10  Demand  5  15  15  15 The model seeks for the minimum-cost shipping schedule between the silos and the mills. This is equivalent to determining the quantity x ij shipped from silo i to mill j (i = 1, 2, 3; j = 1, 2, 3, 4) (Abdelkhalik & Mostafa, 1977; Gomah & Samy, 2009 ).
Solution of Example 2 by the Northwest Corner Method (manual method)
The application of the procedure to the model of the example gives the starting basic solution in Figure 3 . The starting basic solution is given as: x 11 = 5, x 12 = 10, x 22 = 5, x 23 = 15, x 24 = 5, x 34 = 10.
The objective function value is: F(x) = 5 · 10 + 10 · 2 + + 5 · 7 + 15 · 9 + 5 · 20 + 10 · 18 = $520 But this solution is not optimum because the objective function is not the minimum, so after that the optimum solution is given in Table 5 . The objective function value is: F(x) = 5 · 4 + 5 · 2 + + 10 · 7 + 15 · 9 + 10 · 11 + 5 · 18 = $435. This is the optimum solution according to premium solver platform as shown in Table 6 as the same in objective function, but the computer solution is faster than the manual solution.
Also Lindo software is the same objective function but it is slower than premium solver platform. Figures & Samy (2009) have given an optimum solution for the case study 2 and estimated the objective function at $475. This is not the optimum solution because as we proved in this paper, there are two software methods which give the optimum solution and minimum for objective function at the amount of $435. So the solution in this article is optimum and faster than others as mentioned in Ali, 2007; El-Beblawi, Mohamed, ElSageer, & Mahrous, 2007; Ali & Sik, 2012. 
RESULTS
Gomah
CONCLUSIONS
From the results obtained in this study, it is found that: -the transportation problems can be solved by using the simplex methods, which is a time-consuming solution. Linear programming computer software is set up to solve both simplex and transportation problems. When the problem is introduced, the computer algorithm can solve it much faster and better; -Lindo software is a tool which allows to use few manual methods, but much care should be taken in the input of the data and their constraints and solves linear programming problems for transportation with limited dimensions; -Premium Solver Platform is used to solve (linear, non linear programming) large scale transportation problems as a special case. PSP is easier to use than Lindo software in terms of data input.
ЗАСТОСУВАННЯ ПРОГРАМНОГО ЗАБЕЗПЕЧЕННЯ У ВИРІШЕННІ ТРАНСПОРТНИХ ПРОБЛЕМ ГІРНИЧОВИДОБУВНОЇ ГАЛУЗІ
Магроус А.М. Алі Мета. Виявлення і вирішення транспортних проблем гірничих підприємств на основі моделей перевезень, побудованих методом лінійного програмування у комп'ютерних програмних продуктах LP Softwares.
Методика. Для вирішення транспортних і технологічних завдань у гірничодобувній галузі застосовані про-грамні продукти Lindo Software та Premium Solver Platform.
Результати. У статті розглянуті способи вирішення транспортних завдань "вручну" та за допомогою комп'ютерних програм. Отримано оптимальні рішення для проблем, які є або можуть виникнути на гірничому підприємстві в майбутньому при різних умовах. Отримано аналогічні результати при вирішенні задач наступ-ними п'ятьма способами: метод північно-західного кута, метод мінімальної вартості, мінімальний тариф за рядком, мінімальний тариф за стовпцем і метод апроксимації Фогеля.
Наукова новизна. Принципово новим є застосування комп'ютерних програм LP Softwares у гірничодобув-ній галузі та отримання на їх підставі оптимального результату у вирішенні гірничотехнічних проблем з ураху-ванням обмежуючих умов.
